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COLLISIONS OF n - MESONS WITH DEUTERONS 


V. B. Berestetskiy 


and !• la. Pome ran chuk. 


^he Lollowing is an article that appeared in the regular Physics section 
of the thrice-monthly Doklady Akademii Nauk SSSR, Volume 8l, No. 6 (21 December 


1951)^ pages 1019-1021. The article was submitted by academician L. D. Landau^ 


25 October 1951./ 


During collision of -n - mesons with deuterons^ their scattering and also 


their conversion into neutron mesons can occur. The cross-sections of scattering 


and conversions into a neutral meson were calculated with the aid of the 


theory of perturbations for various possible types of bond between u-mesons and 


nucleons. A series of data concerning the character of the interaction of 


mesons with nucleons, in particular the dependence upon spin, can be analyzed 


by comparison of the data on scattering (and on conversion into a neutral 


meson) in hydrogen and deuterium. The^etical considerations here do not 


quire any assumptions concerning the smallness of the interaction. 


Let us apply the semiphenomenological method, employed earlier to the 


problem of the scattering of fast neutrons by deuterons and to the problem 


of the capture of n-mesons by deuterons. Let a n-meson collide with a proton. 


We shall calculate the familar amplitude of the scattered meson (charged or 


neutral) for a given angle of scattering. If the meson possesses the spin 0, 


then the amplitude of scattering must be scalar 3 the amplitude, however, 


corresponding to the flight of the neutral meson must be scalar if the internal 
"count" of the charged and neutral mesons are the same, and must be pseudo- 


scalar if they are opposite* 


\, 
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Let us now consider the collision of negative a n-meson with a deuteron, 
which collision leads to its conversion to a neutral meson. In so far as 
the process proceeds only because of the interaction with the proton, the amp- 
litude of scattering will then be 






where p/2 is the radius-vector of the proton (in the system of the deuteron* s 
center of inertia); is the wave function of the deuteron; is the 

wave function of the two neutrons forming as a result of the collision. 

Let us derive the expression for the cross section averaged over the spin 
states of the nucleons and summed over the states of the neutrons (the expres- 
sion is effected by the same method as in (!))• 


, -i /J*(p) (.iS - + -«>■ - '■')/*) * (?) (4) 

+ 2 v/ D ' “ 

If we use for the following expression 

where -R^oc ^/M is the deuteron* s energy of bond, then we have 

/~k / 

‘"a *“ 




Declassified in Part - Sanitized Copy Approved for Release 2012/05/10 : CIA-RDP82-00039R0001 0023001 0-5 



Declassified in Part - Sanitized Copy Approved for Release 2012/05/10 : CIA-RDP82-00039R0001 0023001 0-5 




Similarly in the case of different ^’counts” of mesons, we have 


no 3 + 3 ■ 


O'". ( 1 


j Qrc ‘tdjn 


/kV/. 




We note the essential absence of cases of similar or different "count'* of n 


and -mesons. For k* close to k, then <P (6) tends to 0 because (la) 


B ** B kxk', but we have (arc tan x/x) _ «= 1, at the same time as cr *= 2<r /3 


If there exists a connected state of the s^^stem of two neutrons (deuterons )," 


then its formation as a result of collision is possible. Here the system of 


nuoleenssmust pass from the triplet to the singlet state in order that, in 


correspondence m.th Pauli *s principle, the two neutrons might be found in the 


S-state. 


The corresponding cross-sections are: 


Jl 16 oC P / , /V-k • \ ' 

TiO 3 /k-lT /2 -f- p) 


2 iQ 2 

where cr is 01 or (T , and 'h p /M is the dineutron's energy of bond. There- 

ttO B „o 


fore the anplitude of scattering is: 


X® - /#(p) ^ ^Vi(k-k«)?/2) -) 


Here p,’ is the amplitude of scattering on neutron, and S' {p) 


iS the final state 


of the neutron and proton. The scattering cross-section summed over the neutron 


and proton's states of motion possesses the following form: 


or +<r,+o-' +0"', + tan , (7) 

a b a b /k-k'/ 2a. ^ 
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\aJ H e re 


(T cr ’ *003 + -4' cr ’ *003 S ), 

a a a 3 b b b 


where (T ’ + (T ’ are the cross-section of scattering on neutron, and S is 

a b ^ a 


the phase difference of the quantities a and j similarly for S 


In the work (3) devoted to a similar review of the scattering of a n-meson 


on deutron, the presence of two types of scattering by nucleons (the types 


corresponding to amplitudes a and b) was not taken into consideration. 


For elastic scattering we have: 


l6o^. 2 / . /k-k’/\2 ^ 


/GT + cr 
~ a a 


cr • cos 


+4 K * K^2 
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